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(54) System for identifying an object 


(57) Provided is an identification system which is 
highly effective in identifying the authenticity of 
an object and extremely difficult to analyze for 
the purpose of forgery. The object to be iden- 
tified is affixed with an identification element 
comprising a reflective layer including a holog- 
ram, a diffraction grating or the like, which 
directs incident light of a prescribed wave 
length into a plurality of point symmetric direc- 
tions, and a polarization plane rotating layer 
which rotates the polarization plane of the light 
as it passes through the polarization rotating 
layer. A linearly polarized light is impinged upon 
the identification element, and is received by a 
multi-segment photodiode arranged in an annu- 
lar fashion. Those photodiode segments 
located on one side of a diametric line is cov- 
ered by a first filter adapted to transmit substan- 
tially only the light emitted from said 
identification element whose plane of polari- 
zation is rotated by said polarization plane 
rotating layer while remaining segments are 
covered by a second filter adapted to transmit 
substantially only the light emitted from said 
identification element whose plane of polari- 
zation is not rotated by said polarization plane 
rotating layer. Thus, by detecting the ratios of 
the intensities of light received by each pair of 
diametrically opposing photodiode segments, 
the authenticity of the identification element or 
the authenticity of the object can be reliably 
detected. 
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TECHNICAL FIELD 

The present invention relates to a system for 
identifying an object suitable for determining the au- 
thenticity of the object. 5 

BACKGROUND OF THE INVENTION 

Conventionally, it has been proposed, for in- 
stance in Japanese utility model laid open (kokai) 10 
publication No. 61-182580, for the purpose of identi- 
fying or determining the authenticity of information 
storage cards (such as magnetic cards, various mon- 
etary papers, tickets and commercial goods) to affix 
an identification sticker including a hologram which is 15 
hard to forge, so that the authenticity may be visually 
determined. 

Japanese patent laid open (kokai) publication No. 
3-71 383, filed by the same applicant, discloses a sys- 
tem for identifying an object by affixing an identifica- 20 
tion sticker which includes a hologram that contains 
a unique diffractive property, on the object to be iden- 
tified, and radiating light upon this hologram so as to 
be diffracted by the hologram, and then receiving the 
diffracted light with an optical identification means. 25 

In particular, according to the system using the 
optical identification means, as it is required for a po- 
tential forger to duplicate the diffractive property of 
the authentic hologram instead of the mere visual ap- 
pearance, the forgery of the hologram is made highly 30 
difficult, making a reliable identification possible. 

However, according to this system, it is clear to 
the user that the diffractive property of the hologram 
is providing the means for identification, and since it 
is not impossible to obtain the identification sticker it- 35 
self (due to its nature) one cannot exclude the possi- 
bility of the hologram being forged in a highly accurate 
manner. Thus, there has been a demand for more re- 
liable identification systems. 

The inventors of the present application have 40 
conceived of the idea (for the purpose of more posi- 
tively discouraging forgery) that it is possible to use, 
in combination with the reflective directivity (or dif- 
fraction property), a light source for emitting linearly 
polarized light, a polarization plane rotating means 45 
provided in the identification element for rotating the 
polarization plane by 90 degrees, by shifting the 
phase of the polarized light by 180 degrees, and light 
receiving means which is sensitive only to the portion 
of the light emitted from the identification element so 
whose polarization plane has been rotated by 90 de- 
grees; thus the authenticity of the object may be iden- 
tified according to the state of polarization. 

According to this idea, because the potential for- 
ger must duplicate not only the hologram or diffraction 55 
grating but also the polarization plane rotating means, 
any attempt to forge the identification element can be 
more effectively discouraged. However, because the 


intensity of the received light would not change sig- 
nificantly even when the amount of phase shift sub- 
stantially deviated from 180 degrees, the intensity of 
the received light alone would not be sufficient for ac- 
curately detecting the phase shift of 180 degrees or 
the authenticity of the identification element. It is 
indeed possible to place a polarization plane rotating 
layer, in the form of a sticker or the like, on the iden- 
tification element for the purpose of achieving the 
phase shift of approximately 180 degrees for decep- 
tive purposes. In short, according to this idea, there 
is a possibility that an attempt to duplicate the rotation 
of the polarization plane by using a crude means may 
succeed. 

It is therefore desired to provide more effective 
means for making the duplication of an identification 
element based on diffraction or reflective directivity 
more difficult, and thereby more effectively discour- 
aging any attempt to forge the identification element 

BRIEF SUMMARY OF THE INVENTION 

In view of such problems of the prior art, and such 
recognition by the inventors, a primary object of the 
present invention is to provide a system for identifying 
an object which provides an improved power of iden- 
tification. 

A second object of the present invention is to pro- 
vide a system for identifying an object which is diffi- 
cult to analyze or shows very little clue as to its work- 
ing principle so that any attempt to forge it may be ef- 
fectively discouraged. 

A third object of the present invention is to pro- 
vide a system for identifying an object which is diffi- 
cult to forge through analysis of its structure. 

A fourth object of the present invention is to pro- 
vide a system for identifying an object which is diffi- 
cult to forge but economical to fabricate. 

According to the present invention, these and 
other objects can be accomplished by providing a 
system for identifying an object, comprising: an iden- 
tification element comprising a reflective layer affixed 
to an object to be identified, the reflective layer having 
such a reflective directivity that when an incident light 
beam is impinged thereon the reflected tight is direct- 
ed at least in two directions which are 180 degrees 
apart around the incident light beam, and a polariza- 
tion plane rotating layer placed on the reflective layer 
for rotating a polarization plane of light emitted from 
the reflective layer by 90 degrees relative to the inci- 
dent light beam; light emitting means for producing 
the incident light beam as a linearly polarized light 
beam; light receiving means consisting of a plurality 
of pairs of light detecting segments arranged around 
the incident light beam 180 degrees apart; a first filter 
placed on one member of each pair of the light receiv- 
ing segments, the first filter being adapted to transmit 
substantially only the light emitted from the identif ica- 
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tion element whose plane of polarization is rotated by 
the polarization plane rotating layer; a second filter 
placed on the other member of each pair of the light 
receiving segments, the second filter being adapted 
to transmit substantially only the light emitted from the 
identification element whose plane of polarization is 
not rotated by the polarization plane rotating layer; 
and determination means for comparing intensities of 
light detected by the light receiving segments, and de- 
termining the authenticity of the object according to 
a pattern of the intensities of light detected by the light 
receiving segments. 

According to this system, the authenticity of the 
object is verified only when the light emitting means 
emits a light beam having a prescribed wavelength 
and polarization plane, the light receiving means in 
cooperation with the determination means detects 
the presence of the light receiving element having a 
distinctive diffractive property or a reflective directiv- 
ity, and the light receiving element with the aid of the 
first and second filters, again in cooperation with the 
determination means, the presence of a polarization 
plane rotating layer capable of rotating the polariza- 
tion plane by 90 degrees. Particularly because the 
presence of the polarization plane rotating layer is not 
visually discernible for practical purpose, a strong dis- 
couraging effect is produced on potential forgers. Fur- 
ther, even when the presence of the polarization ro- 
tating plane is detected by potential forgers, and an at- 
tempt is made to duplicated it by affixing a sheet hav- 
ing a double refractive property, because any sub- 
stantial error in the angle by which the polarization 
plane is rotated by such a sheet is readily detected by 
the light receiving means, the difficulty involved in 
duplicating the identification elementfor illicit purpose 
is extremely compounded. 

Therefore, it becomes possible to positively and 
reliably identify the authenticity of an object even 
when it contains not only the hologram or a diffractive 
area, which has a specific diffractive property or a 
specific reflective directivity, but, also a polarization 
rotating layer in the form of, for instance, a sticker, 
which is affixed to the object for deceptive purposes. 

Preferably, the determination means is provided 
with means for computing a ratio of the intensities of 
light received by each pair of the light receiving seg- 
ments, and determining the authenticity of the object 
only when the ratio is greater than a prescribed 
threshold level only for a prescribed pair of the light 
receiving segments. Alternatively, it is possible to 
compute a difference in the intensities of light re- 
ceived by each pair of the diametrically opposing light 
receiving segments, and determine the authenticity 
of the object only when the difference is greater than 
a prescribed threshold level only for a prescribed pair 
of the light receiving segments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Now the present invention is described in the fol- 
lowing with reference to the appended drawings, in 
5 which: 

Figure 1 is a perspective view showing an essen- 
tial structure of a card and an identification sys- 
tem for identifying the authenticity of the card; 
Figure 2 is a plan view of the light emitting/receiv- 
w ing unit, and a block diagram of the determination 

unit; 

Figure 3 is a sectional side view of the light emit- 
ting/receiving unit; 

Figure 4 is a sectional side view of the identifica- 

15 tion element; and 

Figure 5 is a graph showing the relationship be- 
tween the phase shift and the output value (the 
ratio of the intensities of the light received by a 
diametrically opposing pair of light receiving seg- 

20 ments. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 Now the preferred embodiments of the present 

invention are described in the following with refer- 
ence to the appended drawings. 

Figures 1 through 4 show an example of the pres- 
ent invention applied to a magnetic storage card. With 

30 reference to Figure 1, a magnetic stripe 2 extends 
over a surface 1a of the card 1 along the lengthwise 
direction thereof. The surface 1a is further provided 
with an identification element 3 including a hologram 
layer having a specific diffractive property as descri- 

35 bed hereinafter. 

A reader/writer for the card 1 is internally provid- 
ed with a magnetic head 4 which opposes the mag- 
netic stripe 2 when the card 1 is being conveyed by a 
conveying unit (not shown in the drawing) inside the 

40 reader/writer. Likewise, a light emitting/receiving unit 
5 serving as optical identification means is provided 
in the card reader/writer so as to oppose the identifi- 
cation element 3 as the card 1 is conveyed. The light 
emitting/receiving unit 5 comprises a light emitting de- 

45 vice 6 for impinging a laser light beam, consisting of 
a linearly polarized light of a specific wave length and 
a specific polarization direction and serving as detec- 
tion light, upon the identification element 3 on the sur- 
face 1a of the card 1, and an annular light receiving 

so device 7 surrounding the light emitting device 6 (Fig- 
ure 2). The light receiving device 7 comprises a multi- 
segment photodiode which is separated into eight 
segments 7a through 7h, each capable of individually 
detecting light. This light receiving device 7 is con- 

55 nected to a determination unit 8 comprising a CPU, 
memory, and l/F for determining the authenticity of 
the card 1. 

Further, as shown in Figures 3 also, the surfaces 
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of the segments 7e through 7h are covered by a first 
filter 9a which transmits only the linearly polarized 
light having a prescribed direction of polarization 
while the surfaces of the segments 7a through 7d are 
covered by a second filter 9b which transmits only the 
linearly polarized light whose plane of polarization is 
rotated by 90 degrees from the mentioned prescribed 
direction. Thus, the segments 7e through 7h located 
on one side of an imaginary diametric line 14 passing 
through the center of the light receiving device 7 are 
covered by the first filter 9a while the segments 7a 
through 7d located on the other side of the diametric 
line 14 are covered by the second filter 9b. An object 
lens 10 is interposed between light emitting device 6 
and the identification element 3. 

With reference to Figure 4, the identification ele- 
ment 3 comprises a hologram layer 11 consisting of a 
hologram forming layer 11a and an underlying reflec- 
tive layer 11b, a bonding layer 12 bonding the holo- 
gram layer 11 to the surface 1a of the card 1, and a 
protective layer 13 covering the surface of the holo- 
gram layer 11. The material of the hologram forming 
layer 11a in this case consists of polyvinylchloride 
(PVC), which has a relatively pronounced double re- 
fractive property. The thickness of the hologram 
forming layer 11 a is determined such that the double 
refraction achieved by the hologram forming layer 
11a corresponds to one quarter of the wavelength of 
the laser light radiated from the light emitting device 
6. Thus, the laser light impinged upon the identifica- 
tion element 3 passes through the hologram forming 
layer 11a twice, and is therefore emitted from the ho- 
logram forming layer 11a in the direction determined 
by the diffractive property of the hologram as a line- 
arly polarized light whose plane of polarization is ro- 
tated by 90 degrees or whose phase is shifted by 180 
degrees. 

Now the operation of this embodiment is descri- 
bed in the following. As illustrated in Figure 3, when 
the card 1 is conveyed to a position where the iden- 
tification element 3 and the light emitting/receiving 
unit 5 oppose each other, the light emitting device 6 
impinges detection light having a polarization direc- 
tion of a prescribed direction upon the identification 
element 3. As a result, the light is subjected to double 
refraction by the hologram forming layer 11a, and the 
light diffracted and reflected by the light reflecting lay- 
er 11b is projected upon a prescribed pair of diagonal- 
ly opposing segments (segments 7a and 7e, seg- 
ments 7b and 7f, segments 7c and 7g, and segments 
7d and 7h) of the light receiving device 7 with respect 
to the optical axial line of the detection light as a lin- 
early polarized light whose plane of polarization is ro- 
tated by 90 degrees from that of the incident light ac- 
cording to the diffractive property of the hologram. 

The segments 7e through 7h of the light receiving 
device 7 are covered by a first filter 9a which transmits 
only a linearly polarized light having a polarization 
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plane of a prescribed direction while the segments 7a 
through 7d of the light receiving device 7 are covered 
by a second filter 9b which transmits only a linearly 
polarized light having a polarization plane which is ro- 
5 tated by 90 degrees from the prescribed direction. 
Thus, the light emitted from the identification element 
3 is received only by one of the segments 7a through 
7d. The determination unit 8 determines the ratio of 
the intensities of the light received by each pair of the 

10 segments symmetric with respect to the light emitting 
device 6, and by comparing each of thus obtained ra- 
tios with a prescribed threshold value or by compar- 
ing the ratios with one another, the authenticity of the 
identification element 3 or the authenticity of the card 

is 1 may be determined. 

When the diffraction light from the identification 
element 3 is radiated, for example, upon the seg- 
ments 7a and 7e, the difference in the intensities of 
the light received by the segments 7a and 7e is maxi- 

20 mized. In other words, the ratio of the intensities of 
the light received by the segments 7a and 7e is maxi- 
mized as illustrated in Figure 5. The lights received by 
the segments 7a and 7e have a polarization phase 
shift of 1 80 degrees between them or, in other words, 

25 there is a difference of 90 degrees between the po- 
larization planes of these two lights, and the seg- 
ments 7a and 7e each have a seFective sensitivity to 
light of the corresponding angle of the polarization 
plane. The overall effect is that the light receiving ele- 

30 ment has a high selectivity toward the prescribed 
combination of the diffractive property and polariza- 
tion plane rotating property of the identification ele- 
ment, and can positively and reliably identify the au- 
thenticity of the identification element without being 

35 interfered by noises. 

The same result can be achieved, even if the ho- 
logram forming layer 11a is not made of material hav- 
ing any particularly pronounced property of double 
refraction, by providing a polarization plane rotating 

40 layer overthe surface of the identification elementfor 
shifting the phase by the required amount. It is thus 
conceivable to provide a polarization plane rotating 
layer in the form of a sticker, and place it overthe sur- 
face of the identification element for illicit purposes. 

45 However, if the diffractive property of the identifica- 
tion element 3 and the angle of rotation of the polar- 
ization plane achieved by the polarization plane rotat- 
ing layer do not accurately match with each other, for 
instance, when diffraction light is directed upon the 

so segments 7a and 7e, since it is necessary that the in- 
tensity of the light received by the segment 7e is high 
while that by the segment 7a is low, and it can be ach- 
ieved only if the lights received by the segments 7a 
and 7e have polarization planes of prescribed angles 

55 which are 90 degrees apart or a shift difference of 1 80 
degrees, it is readily possible to detect any forgery 
which involves some errors in the angles of the po- 
larization planes from the corresponding segments of 

4 
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the light receiving device 7. Thus, such an attempt to 
forge an identification element can be readily detect- 
ed, and is therefore successfully discouraged. 

The hologram forming layer 11a of the present 
embodiment is made of a material having a pro- 
nounced property of double refraction, but a similar 
result can be obtained even when the protective layer 
13, instead of the hologram forming layer 11a, is 
made of such a material. The material may consist of 
cellophane, polyvinyl alcohol (PVA), cellulose acet- 
ate, polycarbonate resin, and so forth, and can be 
processed so that the amount of double refraction 
may correspond to one quarter of the wavelength of 
the radiated light. 

As can be understood from the above descrip- 
tion, according to the system for identifying an object 
of the present invention, the object is provided with an 
identification element which reflects linearly pola- 
rized light of a prescribed wavelength into a plurality 
of point symmetric directions and includes a polariza- 
tion plane rotating layer for rotating the linearly pola- 
rized light by 90 degrees. The light from the identifi- 
cation element is received by a prescribed pair of light 
receiving segments, one of each pair being provided 
with a first filter transmitting only the light whose 
plane of polarization is rotated by 90 degrees, while 
the other of each pair is provided with a second filter 
transmitting only the light whose plane of polarization 
is not rotated, so that the authenticity of the object 
may be determined from the ratio of the intensities of 
the light received by each pair of the light receiving 
segments. Since the amount of rotation of the polar- 
ization plane is determined by the thickness of the 
layer material, it is difficult to notice that the identifi- 
cation element is used for such a purpose, and the 
system of identification cannot be readily analyzed for 
illicit purposes. Furthermore, a normal output cannot 
be obtained if the polarization plane rotating layer 
made of optically anisotropic material as well as the 
specific diffractive property or the reflective directiv- 
ity of the identification element has a prescribed 
structure. Therefore, even if an attempt is made to du- 
plicate the identification element including the polar- 
ization rotating plane for illicit purpose, for instance by 
fabricating it as a sticker, as it is extremely difficult to 
achieve a satisfactory accuracy in the structure of the 
polarization plane rotating layer, identification of the 
authenticity of the object can be ensured. Thus, the 
present invention is highly effective in discouraging 
the unauthorized duplication of the object. 

Although the present invention has been descri- 
bed in terms of specific embodiments thereof, it is 
possible to modify and alter details thereof without 
departing from the spirit of the present invention. 


Claims 

1. A system for identifying an object, comprising: 

an identification element comprising 
5 a reflective layer affixed to an ob- 

ject to be identified, said reflective layer having 
such a reflective directivity that when an incident 
light beam is impinged thereon the reflected light 
is directed at least in two directions which are 1 80 
10 degrees apart around said incident light beam, 

and 

a polarization plane rotating layer 
placed on said reflective layer for rotating a polar^ 
ization plane of light emitted from said reflective 
15 layer by 90 degrees relative to said incident light 

beam; 

light emitting means for producing said in- 
cident light beam as a linearly polarized light 
beam; 

20 light receiving means consisting of a plur- 

ality of pairs of light detecting segments arranged 
around said incident light beam 180 degrees 
apart; 

a first filter placed on one member of each 
25 pair ofsaid light receiving segments, said first fil- 

ter being adapted to transmit substantially only 
the light emitted from said identification element 
whose plane of polarization is rotated by said po- 
larization plane rotating layer; 
30 a second filter placed on the other mem- 

ber of each pair of said light receiving segments, 
said second filter being adapted to transmit sub- 
stantially only the light emitted from said identifi- 
cation element whose plane of polarization is not 
35 rotated by said polarization plane rotating layer; 

and 

determination means for comparing inten- 
sities of light detected by said light receiving seg- 
ments, and determining the authenticity of said 
40 object according to a pattern of the intensities of 

light detected by said light receiving segments. 

2. A system for identifying an object according to 
claim 1 , wherein said reflective layer comprises a 

45 hologram, a diffraction grating, or a multiplicity of 

parallel U- or V-grooves having a unique diffrac- 
tive property or unique reflective directivity. 

3. A system for identifying an object according to 
so claim 1 , wherein said object consists of an infor- 
mation storage card suitable for exchanging in- 
formation via a reader/writer. 

4. A system for identifying an object according to 
55 claim 1 , wherein said determination means is pro- 
vided with means for computing a ratio of the in- 
tensities of light received by each pair of said dia- 
metrically opposing light receiving segments, and 
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determining the authenticity of said object only 
when said ratio is greater than a prescribed 
threshold level only for a prescribed pair of said 
light receiving segments. 

5 

5. A system for identifying an object according to 
claim 1 , wherein said determination means is pro- 
vided with means for computing a difference in 
the intensities of light received by each pair of 
said diametrically opposing light receiving seg- w 
ments, and determining the authenticity of said 
object only when said difference is greater than 

a prescribed threshold level only for a prescribed 
pair of said light receiving segments. 

15 

6. A system for identifying an object according to 
claim 1, wherein said light detecting segments 
are arranged around said light receiving means in 
an annular fashion, and said first filter is placed 

on those of said light detecting segments located 20 
on one side of a diametric line separating said 
light detecting segments into two equal parts 
while said second filter is placed on those of said 
light detecting segments located on the other 
side of said diametric line. 25 

7. A system for identifying an object according to 
claim 1 , wherein said polarization plane rotating 
layer consists of a hologram or diffraction grating 
forming layer having a hologram or a diffraction 30 
grating formed on a lower surface thereof, and 
provided with the property of double refraction 

that is required for rotating the polarization plane 
by 90 degrees. 

35 

8. A system for identifying an object according to 
claim 1, wherein said polarization plane rotating 
layer consists of a protective layer placed on said 
reflective layer. 
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Fig. 5 
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